We previously showed that angiotensin II (Ang II) increases T cell production of IL-17A, and that mice deficient in IL-17A have blunted hypertension and attenuated renal and vascular dysfunction. It was recently shown that salt enhances IL-17A production from CD4 + T cells via a serum-and glucocorticoid-regulated kinase 1-dependent (SGK1-dependent) pathway. Thus, we tested the hypothesis that SGK1 signaling in T cells promotes hypertension and contributes to end-organ damage. We show that loss of T cell SGK1 results in a blunted hypertensive response to Ang II infusion by 25 mmHg. Importantly, renal and vascular inflammation is abrogated in these mice compared with control mice. Furthermore, mice lacking T cell SGK1 are protected from Ang II-induced endothelial dysfunction and renal injury. Loss of T cell SGK1 also blunts blood pressure and vascular inflammation in response to deoxycorticosterone acetate-salt (DOCA-salt) hypertension. Finally, we demonstrate that the Na + -K + -2Clcotransporter 1 (NKCC1) is upregulated in Th17 cells and is necessary for the salt-induced increase in SGK1 and the IL-23 receptor. These studies demonstrate that T cell SGK1 and NKCC1 may be novel therapeutic targets for the treatment of hypertension and identify a potentially new mechanism by which salt contributes to hypertension.
Introduction
Hypertension is a leading cause of death and disability from cardiovascular and renal diseases including myocardial infarction, heart failure, stroke, and chronic kidney disease. The rising prevalence of hypertension, due in part to changes in diet and food processing, makes it a major global health concern. In the U.S. alone, hypertension afflicts approximately one-third of all adults over 18 years of age, and this rises to twothirds by the age of 60 (1) . In 2010, high blood pressure (BP) was ranked as the leading single risk factor for global burden of disease (2) .
Evidence from our group and others has demonstrated that hypertension is an inflammatory disease characterized by T cell activation, infiltration of target organs such as the kidney and vasculature, and production of cytokines that lead to salt and water retention, vascular dysfunction, and renal injury (3) (4) (5) (6) .
Most notably, we previously demonstrated that mice deficient in the proinflammatory cytokine IL-17A exhibit blunted hypertension, attenuated vascular inflammation, and preservation of vascular function in response to angiotensin II-induced (Ang II-induced) hypertension (7) . Recently, we showed that IL-17A regulates proximal and distal renal sodium transporters and contributes to Ang II-induced renal injury (6) . IL-17A is produced by subsets of CD4 + T helper cells (Th17 cells), CD8 + cytotoxic T cells (Tc17 cells), and innate-like gamma delta T cells (γδT17 cells). We found that Th17 cells and γδT17 cells are the major sources of IL-17A in the kidney and vasculature following Ang II-induced hypertension (8) .
Of note, numerous epidemiological and experimental studies have demonstrated a link between dietary salt intake and hypertension (9) . Interestingly, there is now emerging evidence that salt can directly influence immune cell function. Two recent studies demonstrated that elevated extracellular
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Results

T cell SGK1 deficiency attenuates Ang II-induced hypertension.
To determine the role of T cell SGK1 in hypertension, we generated mice with T cell-specific deletion of SGK1 by crossing SGK1 fl/fl mice with transgenic mice expressing cre recombinase under the control of the CD4 promoter (tg CD4cre ). T cells that express CD4 at any stage during development should undergo cre recombination and deletion of SGK1. We first investigated the role of T cell SGK1 in Ang II-induced hypertension. BP in SGK1 fl/fl tg CD4cre mice and SGK1 fl/fl controls was measured both noninvasively using the tail-cuff method and invasively using carotid radiotelemetry in freely moving mice. BPs in vehicle-infused (sham) mice were similar between SGK1 fl/fl tg CD4cre mice and SGK1 fl/fl controls, demonstrating that T cell deletion of SGK1 does not affect baseline BP ( Figure 1A ).
Figure 1. T cell SGK1 deficiency attenuates angiotensin II-induced hypertension. (A)
Systolic blood pressures measured noninvasively using the tail-cuff method over 28 days of angiotensin II (Ang II) (490 ng/kg/min) or vehicle (sham) infusion in SGK1 fl/fl and SGK1 fl/fl tg CD4cre mice. **P < 0.01 between both Ang II-infused groups; regression analysis; n = 6-7 per group. (B) Systolic blood pressures, (C) mean arterial pressures, (D) diastolic blood pressures, and (E) heart rates measured invasively using carotid radiotelemetry over 28 days of Ang II infusion in SGK1 fl/fl and SGK1 fl/fl tg CD4cre mice. *P < 0.05, ***P < 0.001; regression analysis; n = 6-7 per group. All data are expressed as mean ± SEM.
However, following infusion of a pressor dose of Ang II (490/ ng/kg/min) for 28 days, systolic BP was 25 mmHg lower in the SGK1 fl/fl tg CD4cre mice compared with the SGK1 fl/fl controls, as measured by both tail cuff and telemetry ( Figure 1, A and B) . Diastolic BPs and mean arterial BPs were similarly reduced in the SGK1 fl/fl tg CD4cre mice compared with controls, while heart rates were similar between both groups (Figure 1 , C-E). As a secondary control, to confirm that cre recombinase expression in T cells is not responsible for the blunted hypertensive phenotype, we measured BP in tg CD4cre mice at baseline and weekly (2 days per week) using carotid radiotelemetry during 28 days of Ang II infusion. The systolic, diastolic, and mean arterial pressures of the tg CD4cre mice increased similarly to those of the SGK1 fl/fl controls (Supplemental Figure 1 , A-C; supplemental material available online with this article; https://doi.org/10.1172/jci. insight.92801DS1). Heart rate was similar among all 3 groups of mice ( Figure 1E and Supplemental Figure 1D ).
T cell SGK1 deficiency prevents Ang II-induced vascular and renal inflammation. We and others have shown that Ang II increases total leukocyte and T cell infiltration into the perivascular fat and kidneys, and that this is likely an important causal factor for the progression of hypertension and the development of end-organ damage (4, 14, 15) . To determine the role of T cell SGK1 on vascular and renal inflammation, we performed flow cytometry on single-cell suspensions of the thoracic aorta and kidney following 7 and 28 days of Ang II infusion in SGK1 fl/fl tg CD4cre mice and SGK1 fl/fl controls. Representative flow cytometry dot plots and gating strategy to detect total leukocytes (CD45 + cells), total T lymphocytes (CD45 + CD3 + cells), and monocytes/macrophages (F4/80 + cells) in the thoracic aorta are shown in Figure 2A . Baseline levels of total leukocytes, T cells, and monocytes/ macrophages were similar in both groups, as shown after vehicle infusion (sham) in SGK1 fl/fl controls and SGK1 fl/fl tg CD4cre mice (Figure 2 , B-D). Following 1 week of Ang II infusion (a time when BP is similar between both groups), there was an increase in aortic total leukocytes and monocytes/macrophages, with no change in T cells, in both SGK1 fl/fl controls and SGK1 fl/fl tg CD4cre mice. Following 4 weeks of Ang II infusion, numbers of total leukocytes as well as monocytes/macrophages (albeit to a lesser extent) were persistently elevated in the SGK1 fl/fl control group along with an increase in total T cells (driven primarily by CD4 + and double-negative [DN] T cells), while this response was completely absent in the SGK1 fl/fl tg CD4cre mice (Figure 2 , B-D and Supplemental Figure 2 ). Representative flow cytometry dot plots and gating strategy to detect renal inflammation are shown in Figure 3A . Quantification of renal total leukocytes, T cells, and monocytes/macrophages showed similar levels in both groups after vehicle infusion (sham) (Figure 3 , B-D). Following 1 week of Ang II infusion, we did not detect an increase in inflammatory cells in the kidney in either group. However, following 4 weeks of Ang II infusion, there was an increase in renal total leukocytes, total T cells, and the major T cell subsets (CD4 + , CD8 + , and DN cells) only in SGK1 fl/fl controls, while SGK1 fl/fl tg CD4cre mice were protected from Ang II-induced renal inflammation ( Figure 3 , B and C, and Supplemental Figure 3 ). Ang II infusion did not affect renal monocyte/macrophage numbers in either group. Thus, the early phase of Ang II-induced hypertension is associated with an innate immune cell infiltration in the aorta, while the chronic phase of hypertension is associated an increase in T cells in both the aorta and kidney. T cell SGK1 appears to be necessary for this chronic phase of renal and vascular inflammation.
T cell SGK1 deficiency protects against Ang II-induced vascular and glomerular injury. Hypertension is characterized by endothelial dysfunction and renal injury (4, 7). We assessed vascular function of resistance vessels by measuring endothelium-dependent and -independent relaxation of second-order mesenteric arterioles from SGK1 fl/fl controls and SGK1 fl/fl tg CD4cre mice. Mesenteric arterioles from SGK1 fl/fl control mice exposed to 4 weeks of Ang II infusion displayed impaired relaxation in response to acetylcholine compared with vessels isolated from vehicle-infused (sham) mice ( Figure 4A ). Importantly, mesenteric arterioles from SGK1 fl/fl tg CD4cre mice displayed no impairment in endothelium-dependent relaxation following Ang II infusion ( Figure 4B ). Endothelium-independent relaxation in response to sodium nitroprusside was not affected by Ang II infusion in both groups of mice ( Figure 4 , C and D). Of note, 1 week of Ang II infusion was not sufficient to induce endothelium-dependent impairment in vascular reactivity in either group (Supplemental Figure 4 ).
We then examined glomerular injury in these mice by measuring the albumin/creatinine ratio in spot urine following 4 weeks of vehicle (sham) or Ang II infusion. Albuminuria is a well-known marker of glomerular injury and has been shown to increase following Ang II infusion in WT C57BL/6J mice (4, 6) . For these experiments, we used tg CD4cre mice as a secondary control. Ang II infusion resulted in a marked increase in albuminuria in both control groups, SGK1 fl/fl and tg CD4cre mice, while the increase in albuminuria in SGK1 fl/fl tg CD4cre mice was blunted and nonsignificant ( Figure 4E ). We also assessed tubular injury by quantifying renal neutrophil gelatinase-associated lipocalin (NGAL) mRNA in kidneys of SGK1 fl/fl and SGK1 fl/fl tg CD4cre mice following 4 weeks of vehicle (sham) or Ang II infusion. NGAL mRNA levels increased similarly in both groups in response to Ang II infusion, suggesting that T cell SGK1 does not contribute to tubular injury. Taken together, our results show that the absence of renal and vascular inflammation following chronic Ang II infusion in T cell SGK1-deficient mice correlates with protection from Ang II-induced glomerular and vascular injury.
T cell SGK1 deficiency abrogates Ang II-induced increase in splenic Th17 cells. We previously showed that Ang II infusion was associated with an increase in IL-17A production from circulating and splenic CD4 + T cells (4, 7) . To determine the effect of SGK1 on Th17 cell number in vivo in response to Ang II infusion, we performed intracellular staining and flow cytometry on splenic single-cell suspensions following 4 weeks of vehicle (sham) or Ang II infusion in SGK1 fl/fl controls and SGK1 fl/fl tg CD4cre mice. Representative flow cytometry images of IL-17A-producing CD4 + T cells (Th17 cells) and CD8 + T cells (Tc17 cells) are shown in Figure 5A . Ang II infusion resulted in a 2-fold increase in splenic Th17 cells in SGK1 fl/fl control mice, and this was completely abrogated in SGK1 fl/fl tg CD4cre mice ( Figure 5B ). Splenic Tc17 cells were not affected by Ang II infusion or loss of T cell SGK1 ( Figure 5C ). IFN-γ is produced by CD4 + Th1 and CD8 + Tc1 cells and has been shown to play an important role in hypertension (4). By intracellular staining and flow cytometry, we did not detect any differences in splenic Th1 or Tc1 percentages in response to Ang II infusion or loss of T cell SGK1 (Supplemental Figure 5 ).
T cell SGK1 deficiency attenuates hypertension and vascular inflammation in a DOCA-salt model of hypertension. Since SGK1 has been shown to mediate salt-induced Th17 polarization and maintenance (12, 13) , we investigated the role of T cell SGK1 in a DOCA-salt model of hypertension in which uninephrectomy is accompanied by implantation of a DOCA pellet and supplementation of the drinking water with 1% NaCl. The development of hypertension was blunted in the SGK1 fl/fl tg CD4cre mice, with systolic BPs reaching 15 mmHg lower than SGK1 fl/fl controls at days 14 and 21 of DOCA-salt treatment ( Figure 6A ). DOCA-salt treatment was associated with an increase in total CD45 + leukocytes, total CD3 + T cells, and F4/80 + monocytes/macrophages in the thoracic aorta in SGK1 fl/fl control mice, and this was abrogated in SGK1 fl/fl tg CD4cre mice (Figure 6, B-D) . Thus, T cell SGK1 appears to play an important role in both salt-dependent and -independent hypertension.
NKCC1 is upregulated in Th17 cells and mediates the salt-induced increase in SGK1. Previous studies have shown that SGK1 expression is increased in naive CD4 + T cells exposed to Th17-polarizing cytokines and further increased by the addition of an excess 40 mM NaCl in the presence of Th17-polarizing cytokines (12, 13) . Furthermore, these authors demonstrated that SGK1 activation in T cells leads to increased transcription of the IL-23R through phosphorylation and inhibition of the transcriptional repressor FoxO1. To understand how T cells sense extracellular NaCl, we first isolated pan T cells from spleens of WT mice and performed reverse transcription PCR (RT-PCR) for a panel of sodium channels and transporters. We were able to detect expression of all the channels and transporters listed in Supplemental Table 1 . Of note, NKCC2, a kidney-specific isoform of NKCC, was not detected in T cells.
To determine which of these channels/transporters might mediate the salt effect on T cells, we tested various pharmacological inhibitors of sodium transporters as well as an antagonist of the mineralocorticoid receptor (which has been previously shown to regulate the Th17 response to DOCA-salt treatment in rats; see ref. 16 ). Naive splenic CD4 + T cells were cultured with Th17-polarizing cytokines or Th17polarizing cytokines plus an extra 40 mM NaCl along with hydrochlorothiazide (inhibits the sodium chloride cotransporter [NCC]), spironolactone (inhibits the mineralocorticoid receptor), furosemide (inhibits NKCC1), or bumetanide (inhibits NKCC1). SGK1 and IL-23R expression was measured by quantitative RT-PCR (qRT-PCR). Interestingly, treatment with either furosemide or bumetanide abrogated the salt-induced increase in T cell SGK1 and IL-23R expression, suggesting that NKCC1 plays a critical role in the ability of T cells to sense salt, while the other agents had no effect (Figure 7 , A-H). We then quantified NKCC1 expression by qRT-PCR in naive splenic CD4 + T cells that were untreated or treated with Th17-polarizing cytokines ± salt. NKCC1 was significantly upregulated in CD4 + T cells cultured under Th17-polarizing conditions (Figure 7I) . Taken together, these results show that NKCC1 appears to be induced in Th17 cells and mediates the salt-induced increase in T cell SGK1 expression.
Discussion
Hypertension is a major health concern worldwide, and its prevalence has been compounded by the high salt content of modern processed foods. Among patients with hypertension who report taking prescribed medications, only two-thirds have their BP under control (1). Moreover, even in patients with reasonable BP control, hypertension is associated with an elevated risk of cardiovascular events (17, 18) , presumably due to an unaddressed inflammatory process. But how do salt and inflammation converge to cause hypertension and end-organ damage? Here we show that the salt-sensing kinase, SGK1, in T lymphocytes is critical to the development of hypertension in response to 2 different hypertensive stimuli -Ang II infusion and DOCA-salt treatment. Furthermore, we show that NKCC1 is upregulated in Th17 cells and mediates the T cell response to salt. While loss of T cell SGK1 resulted in a significant reduction in the BP response to both stimuli, it should be noted that BP was still elevated above normal in both models. However, despite this persistent mild elevation in BP, it is remarkable that vascular and renal inflammation and vascular and renal injury were virtually completely abolished by the loss of SGK1 in T cells. This highlights the need to possibly redefine treatment goals in hypertension to focus on reducing the inflammatory substrate that leads to end-organ damage rather than just focusing on the BP itself. SGK1 is well known for its role in modulating sodium transport in renal epithelial cells of the distal convoluted tubule through upregulation of the epithelial sodium channel (ENaC) and NCC (19) showed that SGK1 inhibits T regulatory (Treg) cells at least in part by phosphorylating and inhibiting both FoxO1 and FoxO3, which are important in regulating Foxp3 expression. Foxp3 is the signature transcription factor required for Treg function (20, 21) . Treg cells have been shown to suppress Ang II-induced hypertension and vascular injury (22) . Thus, the mechanism by which loss of T cell SGK1 protects against hypertension and end-organ damage may be through a shift in the Th17/Treg balance. Indeed, we observed a reduction in percentage of Th17 cells in the spleen following Ang II infusion in our T cell SGK1-deficient mice compared with SGK1 fl/fl controls ( Figure 5B ). Salt has also recently been shown to influence antigen-presenting cells such as macrophages. Salt boosts the activation of classical, lipopolysaccharide-induced M1 macrophages and blunts the activation of alternative M2 macrophages (23, 24) . Zhang et al. described a specific activation state of macrophages induced by high salt, which they termed M(Na). This state is characterized by enhanced expression of proinflammatory genes and suppressed expression of antiinflammatory genes (25) . Kirabo et al. demonstrated that dendritic cells activate T cells in hypertension through presentation of isoketal-modified peptides (26) . Of note, the cytokines released by these activated dendritic cells are Th17-polarizing cytokines (IL-6, IL-1β, and IL-23). Thus, in addition to a direct effect of salt on T cells, salt-induced activation of T cells in vivo could be potentiated through enhanced activation of antigen-presenting cells. Nevertheless, our results demonstrate that deleting SGK1 in T cells alone is sufficient to protect against hypertension and more importantly, against the renal and vascular damage that accompanies hypertension.
An important result of our study is that loss of T cell SGK1 was protective in a salt-independent Ang II model of hypertension. There are at least 2 possible explanations for this. First, Ang II would be predicted to increase aldosterone, which would then lead to sodium and water retention in the kidney. Indeed, we have shown that animals retain sodium and water after Ang II infusion (27) . Recent work by Titze and colleagues has challenged conventional paradigms of salt homeostasis by demonstrating that animals and humans can store sodium in their skin, muscle, and lymphatics at concentrations exceeding that of plasma without a commensurate increase in water (28) . Thus, Ang II infusion may be associated with increased tissue levels of sodium. Alternatively, Ang II may directly or indirectly increase T cell SGK1 expression or function. We did not detect an increase in T cell SGK1 expression when we added Ang II to our T cell culture media (data not shown). However, this does not exclude an effect of Ang II on T cell SGK1 expression or function in vivo. Of note, Ang II has been shown to increase SGK1 expression and phosphorylation in other cell types (29, 30) . Moreover, other signals associated with hypertension such as endothelin, glucocorticoids, oxidative stress, and certain cytokines have been shown to activate SGK1 transcription in various contexts (31) . Thus, T cell SGK1 may be a final common pathway by which multiple stimuli cause T cell activation in hypertension. Interestingly, in the Ang II-induced hypertension model, the BP protection conferred by T cell SGK1 deficiency was not seen until after 14 days of Ang II infusion. Of note, we have seen a similar pattern in mice with IL-17A deficiency (7) . Characterization of the inflammatory cells in the aorta following 1 week and 4 weeks of Ang II infusion revealed an early increase in innate immune cells in both groups. Mice lacking T cell SGK1 resolved this acute innate immune response and did not develop a chronic, sustained adaptive immune response to Ang II infusion (Figure 2 and Supplemental Figure 2 ). Furthermore, impairment in endothelium-dependent relaxation was not seen in either group after 1 week of Ang II infusion but was present in the SGK1 fl/fl control mice by 4 weeks (Figure 4 and Supplemental Figure 4) . Thus, the vascular dysfunction that occurs in the setting of Ang II infusion seems to correlate with timing of T cell infiltration. Naive splenic CD4 + T cells from WT mice were cultured as described above and sodium-potassium-2 chloride cotransporter 1 (NKCC1) expression was quantified by qRT-PCR and expressed as fold change relative to untreated cells. *P < 0.05, **P < 0.01, ***P < 0.001; ratio-paired t test was performed between the indicated groups with Bonferroni correction; n = 5-9 per group. NS, not significant.
Finally, renal inflammatory cells did not increase in either group after 1 week of Ang II infusion. However, following 4 weeks of Ang II infusion, there was an increase in T cells in the SGK1 fl/fl control mice that did not develop in mice lacking SGK1 (Figure 3 and Supplemental Figure 3) .
The mechanism by which T cell SGK1 deficiency inhibits T cell accumulation in the aorta and kidney is unclear. One possibility is that SGK1 affects chemokine receptors on T cells. However, we performed qRT-PCR screening for the chemokine receptors CCR1, CCR2, CCR5, CXCR2, and CXCR6 on T cells from SGK1 fl/fl controls and SGK1 fl/fl tg CD4cre mice following Ang II infusion and did not detect any major differences in chemokine receptor expression (data not shown). We and others have shown that IL-17A can induce chemokine expression in mouse mesangial cells and human aortic smooth muscle cells (7, 32) . These chemokines are involved in the recruitment of T cells and monocytes. Thus, loss of T cell SGK1 may be associated with reduced chemokine expression and thus attenuated inflammatory cell recruitment into these tissues. Another intriguing possibility is that SGK1 is involved in T cell migration. Using furosemide and bumetanide, we showed that ion transport through NKCC1 mediates SGK1 and IL-23R upregulation in high-salt conditions. Kochl et al. recently demonstrated that With No Lysine 1 (WNK1) kinase regulates T cell migration through an NKCC1-dependent pathway (33) . The authors showed that NKCC1 deficiency or treatment with bumetanide reduced CCL21-induced migration of CD4 + T cells. Further studies are needed to determine whether NKCC1-mediated T cell migration may involve signaling through SGK1.
The finding that furosemide and bumetanide inhibit salt-induced T cell SGK1 and IL-23R expression suggests that these commonly used diuretics may actually have a previously unrecognized antiinflammatory effect. It is interesting to speculate that these drugs not only help to excrete sodium, but that they may also block the effect of dietary salt on T cells. Future studies are needed to determine the role of T cell NKCC1 in BP regulation and whether blocking NKCC1 specifically in T lymphocytes would have a beneficial effect on hypertension and hypertensive end-organ damage.
One limitation of this study is that we deleted SGK1 primarily in CD4 + and CD8 + T cells and only a subset of γδ T cells. We previously showed that γδ T cells are a major source of IL-17A in the kidney and vasculature in Ang II-induced hypertension (8) . The role of SGK1 and/or salt on γδ T cell function is unknown. Nevertheless, we did see a major effect on hypertension and renal/vascular inflammation in our model, suggesting that loss of SGK1 in primarily CD4 + and CD8 + T cells is sufficient to confer protection from hypertensive stimuli. Another limitation is that it is unclear how the excess salt concentrations that we and others have used in vitro correlates with tissue sodium concentrations in vivo in hypertensive animals and humans. It is difficult to quantify tissue sodium in animals, although one study by Wiig et al. using energy-dispersive X-ray spectrometry/scanning electron microscopy (EDX-SEM) demonstrated that sodium concentrations in the lymph capillaries of DOCA-salt-treated rats reached levels comparable to what we used in cell culture (11) . In humans, 23 Na magnetic resonance imaging has demonstrated an increase in skin and muscle sodium with aging and hypertension, but due to the methodology used to quantify tissue sodium, a direct correlation with cell culture sodium concentrations is not possible (11) .
In conclusion, we have demonstrated that the salt-sensing kinase SGK1 in T lymphocytes plays a critical role in regulating BP and more importantly, renal and vascular inflammation and injury in experimental models of hypertension. Moreover, NKCC1 in T cells may play an important role in how T cells sense and respond to elevated sodium chloride in the extracellular environment. Future studies into how much and where we store sodium and how other signals in addition to sodium activate T cell SGK1 will lead to a deeper understanding of the interplay between salt, inflammation, and hypertension and lead to novel therapeutic targets for this widespread disease.
Methods
Study design. The goals of the current study were to determine the role of T cell SGK1 in salt-dependent and -independent hypertension in experimental animal models and elucidate how T cells sense excess sodium chloride in the extracellular environment. Mice containing homozygous floxed SGK1 alleles (SGK1 fl/fl ) were crossed with transgenic mice expressing cre recombinase under the control of the CD4 promoter (tg CD4Cre ) to generate mice in which SGK1 would be genetically deleted from all cells that express CD4 at any time during development (SGK1 fl/fl tg CD4cre ). CD8 + T cells and a subset of γδ T cells undergo transient CD4 expression in the thymus during development (34, 35) . We verified that SGK1 expression was indeed abolished in CD4 + and CD8 + T cells and reduced in γδ T cells isolated from the spleen by T cell isolation and culture followed by qRT-PCR (Supplemental Figure 6 , A-C). We further confirmed specificity of SGK1 deletion by extracting RNA from T and non-T peripheral blood mononuclear cells (PBMCs) and demonstrating that the SGK1 expression was unchanged in non-T cells but virtually abolished in T cells from SGK1 fl/fl tg CD4cre mice compared with SGK1 fl/fl controls (Supplemental Figure 6 , D and E). Age-matched SGK1 fl/fl mice were used as controls in all experiments. For some experiments, tg CD4Cre mice were used as a secondary control. Hypertension was induced by Ang II infusion for 1 or 4 weeks (salt-independent hypertension) or by uninephrectomy followed by DOCA-salt treatment for 3 weeks (salt-dependent hypertension) as described below. Sample numbers for each experiment are detailed in the figure legends.
Animals and BP measurement. C57BL/6J WT mice and tg CD4cre mice were purchased from Jackson Laboratories. SGK1 fl/fl mice were obtained as a gift from Aniko Naray-Fejes-Toth (Dartmouth College, Hanover, New Hampshire, USA) and were generated as previously described (36) . Male mice approximately 10-12 weeks of age were used. Mice were anesthetized with ketamine/xylazine (90-120 mg/kg + 10 mg/kg; 1:1 volume ratio) and 4-week osmotic minipumps (Alzet, DURECT Corporation, model 2004) containing Ang II (490 ng/kg/min) or vehicle (0.08 M sodium chloride/1% acetic acid solution) were inserted subcutaneously. Mice were euthanized after either 1 or 4 weeks. For the DOCA-salt hypertension model, the left kidney was surgically removed, a DOCA pellet (100 mg) was inserted subcutaneously, and the drinking water was supplemented with 1% NaCl for 21 days. Control (sham) mice underwent a similar surgical incision but without nephrectomy and received a placebo pellet. Sham mice received regular drinking water with no NaCl supplementation. BP was measured noninvasively using tail cuff or invasively using carotid radiotelemetry as previously described (7) . Following telemetry implantation, mice were allowed to recover for 10 days prior to implantation of osmotic minipumps. At the end of all experiments, mice were sacrificed using CO 2 inhalation.
Flow cytometry of renal and aortic leukocytes. Single-cell suspensions of one kidney or the thoracic aorta with surrounding perivascular fat were prepared as previously described (4) . Tissue homogenates were filtered through a 40-μm cell strainer after digestion. Single-cell suspensions were stained for flow cytometry using the following antibodies/stain: Pacific LIVE/DEAD Fixable Violet Dead Cell Stain (Life Technologies), brilliant violet-510-conjugated (BV510) anti-CD45 antibody (BioLegend, clone 30-F11), peridinin chlorophyll protein-cyanin-5.5-conjugated (PerCP-Cy5.5) anti-CD3 antibody (BioLegend, clone 17A2), phycoerythrin-cyanin-7-conjugated (PE-Cy7) anti-CD8 antibody (BioLegend, clone 53-6.7), allophycocyanin-Hilite-7-conjugated (APC-H7) anti-CD4 antibody (BD Biosciences, clone GK1.5), and Alexa Fluor 488-conjugated anti-F4/80 antibody (BioLegend, clone BM8). A known quantity of calibration (counting) beads (123count eBeads, eBioscience) was added to each sample prior to analysis. Samples were run on a BD FACSCanto II system and analyzed using BD FACSDiva software (BD Biosciences). Gates were set using fluorescence minus one (FMO) controls. Results were normalized using the bead count and expressed as number of cells per kidney or per thoracic aorta.
Intracellular staining for cytokine-producing lymphocytes from spleen. Spleens were ground and filtered through a 40-μm cell strainer and then subjected to RBC lysis using RBC lysis buffer (eBioscience). Approximately 3 × 10 6 cells were resuspended in RPMI medium containing 5% FBS and subsequently stimulated with 4 μl of Cell Activation Cocktail containing PMA, ionomycin, and the Golgi inhibitor brefeldin A (BioLegend) at 37°C for 3 hours. Cells were then washed and stained first with LIVE/DEAD Fixable Violet dead cell stain (Life Technologies). The following surface antibodies were then added to the cells for 30 minutes: PerCP-Cy5.5-conjugated anti-CD3 antibody (BioLegend, clone 17A2), BV510-conjugated anti-CD8 antibody (BioLegend, clone 53-6.7), and APC-H7-conjugated anti-CD4 antibody (BD Biosciences, clone GK1.5). Intracellular staining was then performed using the BD Transcription Factor Buffer set according to the manufacturer's instructions (BD Biosciences). Antibodies used for intracellular staining were Alexa Fluor 488-conjugated anti-IFN-γ antibody (BD Biosciences, clone XMG1.2) and PEconjugated anti-IL-17A antibody (Biolegend, clone TC11-18H10.1). Results are expressed as percentage of cytokine-positive cells relative to total CD4 + or CD8 + cells.
Measurements of vascular reactivity. Isometric tension studies of mesenteric arterioles were performed using 2-mm segments of second-order mouse mesenteric arterioles dissected free of perivascular fat. Studies were performed in a small vessel horizontal wire myograph (Danish Myo Technology, models 610M and 620M) containing a physiological salt solution composed of 130 mM NaCl, 4.7 mM KCl, 1.2 mM MgSO 4 , 1.2 mM KH 2 PO 4 , 25 mM NaHCO 3 , 5 mM glucose, and 1.6 mM CaCl 2 . The isometric tone was recorded for each vessel using LabChart Pro v7.3.7 (AD Instruments). The vessels were equilibrated over a 20-minute period at 37°C. A passive circumference-tension curve was generated for each vessel to
